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GDF15 promotes irradiation resistance of bone marrow mesenchymal stem cells via the

activation of ERK/Bcl-2 pathway
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[ Abstract | Objective: To investigate the role of growth differentiation factor 15 (GDF15) in irradiation resistance of human bone
marrow mesenchymal stem cells (BM-MSCs)and determine its underlying mechanism. Methods: The BM-MSCs were transfected with
GDF15 siRNA using Lipofectamine 3000. After the irradiation of BM-MSCs with 9 Gy Co-60 y-rays, the cell cycle and apoptosis were
detected by flow cytometry , CCK-8 was used to detect cell proliferation,and JC-1 was used to detect mitochondrial membrane potential ,
immunofluorescence , quantitative real-time PCR (RT-qPCR)and Western blot were used to detect the expression of GDF15, and the
key molecules in ERK/Bel -2 signaling pathway. Results: After irradiation, the expression of GDF15 was increased significantly.
Interference of GDF15 had no significant effect on cell cycle, proliferation and apoptosis in no - irradiated BM-MSCs (P > 0.05).
Interference of GDF15 in BM - MSCs suffering form irradiation increased G2 phase arrest (P < 0.05) , inhibited cell proliferation
significantly (P < 0.01) , and decreased mitochondrial membrane potential. Meanwhile , Caspase3 was activated and apoptosis was
significantly increased (P < 0.05). The phosphorylation level of ERK1/2 and the expression level of Bel-2 in GDF15 interference cells
decreased significantly, while the expression of Bax increased significantly. Conclusion: The up -regulated expression of GDF15 -
induces upon irradiation,and enhances irradiation resistance of BM-MSCs through the activation of ERK/Bel-2 signaling pathway.
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BEAE O BORTEZE R | B2 2 FHABAT Y K
W, 2V ik 5t 25 A AiF (acute radiation syndrome,
ARS) P ARL BOR B A2 BT A . R 3 K
T IR Ge A7 , T B B I 1 )RR A, " I AT
fo KA fiw o B BE R 7T 41 (bone marrow mesen-
chymal stem cells, BM-MSCs ) 1 A & & 1 1L 5400 5%
14 FE L ZH B A3, HE B RS AT A T Sy o
T+ 21 fifl (hematopoietic stem cells, HSCs) $2 4 # %7
o IEAh, BM-MSCs th a] it o 7330 22 b i 1L/ 4 i
¥, % HSCs 19 F R BEHT o0k Lo e Al X R %
FHEHI S HATUCA , A% T HSCs, BM-MSCs HA
BOR IO , HAT DA ST L] 24 -
DNA #5375 B8 RO, BURE W 5448 52 K A0 L) 136
i 5 (H H R EARLE R e i, BT
BM-MSCs I AT A O34 /5 3 1 5 4 (i o
TARMIAER , PRI, TR AR SRR
AR SRR T s B R

KR T 15 (growth differentiation factor
15,GDF15) 254 4= K K1 B (transforming growth
factor B, TGF-B)# Z % H Y — D3, 7645 Fh 4 e 2
LUz oA, PEBEAE AN [R] 0 RN, AR AE L0
JE SR I PR T SR s i JEREST , GDF15
MFRIB L KIEIG I, BRI R W], GDF15 7EHf
SR b s A, O ELZESRRE R AN [ i e B B A
AARPTRIBTIR TP RSN AR i A
FEER LR, BM-MSCs S Ja , GDF15 1315 3%
Fh HOR T 7E BM-MSCs U BT o & 5 G
YERT, HRTHANEHE . AR5 T U e B
GDF15 3K 7E BM-MSCs UL P RIIE T, JF0) 25
PRUF T HAT geAE L

1 #HFTTE

1.1 ##

A BM-MSCs . A\ BM-MSCs 35 55 5 (ScienCell 2%
AL, 2D, N GDFL1S T4 B (M B A= R
AT ), 05 557 & . SYBR Premix Ex Taq II
A& CRIEEAEY TRA R T, Western blot 7%
B —BURR B U BRI BT PV RTPA 41/
S BCA S e B2 17 & SDS-PAGE $E i
P, DK T 1 X700 6 L R A AR F A A R 6 D C- 1
(LR A RAEWHARBRAF),PCR 519 ( L
AT AW TR A FRZA D), PI staining K7
& Annexin V-PE/7AAD 8 T- 5 & (BD A A,
%), CCK-8([A{ 4k T, HAS), Lipofectamine 3000

i 7 (Invitrogen 24 ) , 358 ) , GDF15. p-ERK1/2,
ERKI12Fi4& (Abcam A H], FEH) , Caspase3 . Cleaved
caspase3 PR (CST A F) L, 3 [H ), Bel-2, Bax , B-actin
Pk (LR A RAEVH AR AT,
12 7%
12.1 fmfaszii

BM-MSCs fii 1% F BM-MSCs 15 35 5605 55, JFAR
Y MR 95 F T-75 GG IR, 37 °C, 5% CO. 8%
FERA TR I PLARANN . AR & R iR 5] 85%~
90%, 1: 3148 P2ARANIE . AWFFEMH ] P6~P10 1%
YN T I LR A S5
122 oo B GHAL 2E

S A 34 S N R XS BRAL A
GDF15 40, RH Co-60 SN 40 IS TS b 22
AL R 9 Gy, FIHE#E 4 0.65 Gy/min'™*',
1.2.3  GDF15 siRNA T4k k B4 & BM-MSCs

O BUE KA A, 22mh 1 6 fLAk b, Al & B2
TE 70% . #% Lipofectamine 3000 171 156 B - 9 Eb 45l
e b 23057, 2 IR T 15 min, A 6 fLAR 7,24 h
Je WSCEE AT A I mRNA 2635, 72 h s WO 4 B AG:
MIFE A 5. GDFLS T4 R BefE ) w s an . T4k
FBE1:5'-CCATGGTGCTCATTCAAAA-3' ; T4 H Bt
2:5-GACTCCAGATTCCGAGAGT-3"; T4 Fr B 3.
5"-CCAACTGCTGGCAGAATCT-3,,
1.2.4 &8 %92 97 i 4 #7 (Western blot) # & &
Fik

WCAE AR, PBS T 1 YK, N A RIPA 24 £ A
Jifd BB 1 oK 24 30 min, 10 000 g 4 CE.0 15
min, YC_E 3 s BCA i P B I e a0 & i A 7 A e
FEDRE A /S RFVEE 1 REGZ v, 2 10 min,
it (A PE . AR B A& o 5 v B
12%11) SDS-PAGE HEfE , ¥ /R 30 pg S M EAE, 100
V HLTK , 200 mA FE 15 ; 5% BSA Z IR B 1 h, —Hi0
B 4 Cib i, Prifili k- GDF15 Hitf4 (1:1 500)
p-ERK1/2 \ERK1/2 ,Caspase3 . Cleaved caspase3.Bcl-
2 .Bax.B-actin Fi A& (1:1 000) , TBST ¥ 3 ¥, — 47
IR E 2 h, YRR 3 Yk, ECL B 528G 41 IR | 5216
EHE IR,
1.2.5 RT-qPCR 4 mRNA 7K -F

WA 4R, 445 A 1 mL TRIzol i 45 B 41 Y
SRNA, WG I WAT H 2 e e, = R
fif% 30 min; A IR REBAR TR 1/5 5807 , iR =
IR EHE 15 min, 10 000 g 4 °CE.0 15 min; B FJE TG
WAL RS 2B TClE EP A5 b 1] 3R TG (8 i A
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PRI SRR S I B, VR A 3 R 10 min, 10 000 g
4 °CE. 10 min, 3 FIE 5 IIA 800 L. 75% BT Uk
TLVE,7 500 g 4 CES.C> 10 min, 35 B, 2 0 THR0T
B M 20 Wl DEPC 7K , 3 ff RNA, Il RNA ¥ i .
Fiz B TaKaRa 135554 5% 150500 £ 10 BH R V20 R s
S35 cDNA, 47 RT-qPCR. 51#F51 : GDF15 I
% :5'-GACCCTCAGAGTTGCACTCC-3", Fiff: 5 -
GCCTGGTTAGCAGGTCCTC-3' 5 B-actin | 7 : 5" -
AGCCTCGCCTTTGCCGA-3', Filff: 5 -CTGGTGCCT-
GGGGCG-3' , A 3ANE AL, L EH K 31K,
12.6 7 X gm e pUbm 4n i 8 =

BRI AR K AR, 1.5 10° AN FLEERD T 6 FLAR
W3RN 24 h R LA AN ;9 Gy BURALEE, 24 h 5
W4, 1 000 r/min 5.0 5 min, VK PBS 5 ¥E 3 1K ;
R P TR R AR E U R 45, # IR FL 100 L 25
AW ,5 wL Annexin V-PE 15 pL 7-AAD it il 4 ]
W, o A A S i, IR S, E R E
15~30 min, Ji AR, RE41 34 AL, LR
23,
127 A X am AUl ga e 8 0

OSSR AN, BT 25 em® A0 BRI , 20
A B 15 60955 Y45 44NN ;9 Gy iU Ab#E , 24 h
JE 240, 1 000 r/min 250> 5 min, PBS V& %k 3 1K,
75% VK S BE SE , 4 COKFE 1 ; PBS 6 3 ¥, PT 4%
o, wEGRA], FIRMIEIEE 15 min, 40 MUK
W, B 3R AL, SR EE 3K
1.2.8  CCK-8 &) 4m i3 74

BOW A K20, 2 000 4~/ FLEEFRR T 96 FLAR
W1, 24 h R Y45 LA, 9 Gy IO A 72 h R 57
RSt He BRARFL 100 WL 35355, 10 pl CCK-8 L7
e SIS SR, 23 A 96 FL AR Ff , 37 “ClEEIE 7 2
h, AR 450 nm K00 G RE , B4 S AN AL, SC
3K,
129 SZaILELEE

IROGERCA: F B A 2% 1044 LR T 0GR 5
FEILAF , 24 h 5 e 45 4 AL, 9 Gy it Ab B 5 433
IRCHRA S S 8 b AR S 24 h 34 HS ] s 20
5 S5 TR, PBS Tk 11K, 37 °C 4%2 5 W I = L 1]
%€ 30 min, PBSPE3¥K;0.2% Triton X-100 %% 30 min,
PBS ¥t 3 YK : 5% BSA 4 1 h; GDF15 —#7 (1:200)
4 CHFE 1, PBS V3 U 1 37 CHELIEE 3 h,
PBS %t 3 X ; DAPI 44 {7, 10 min, % & % , PBS & 3
UG PLoOEIE K Bl B R, 9t BB A HA IR,
SEH AR 3K

1.2.10 AR & 44 )

BT A KA I, 2 10 AL R T 24 FLAR
W, 24 bR EE YA AN, 9 Gy IO 5 43 S H
AT B G 8 h AR . BH X BRI BHAE X
FEFL A i A Bl Jk 450 32 - %o - A i (CCCP, i FH v
10 wmol/L) b EE4H i 20 min, W FRKEFRIHL, PBS
VETYK, A 500 wL JC-1 Yo TR, 435 5240
HREE 20 min; W BR_LIE , PBSPE2 WK, IHA 1 mL 4
3G, 9% B WS R, SEb E A 31K,
1.3 %itFuiE

K HISPSS 19.0 A #4413 b, S 9m 1AL
P LIS B b 22 (3 + 5) FoR o [Rl— = (EAE AR
P4 R] B A R FH T 52000 i 1 7 22 0T 5 WAL T EL e
SR A ST A o K 5 5 22 20 ) L3R FH B R R Ty 22
3 T A LSD -2 K 56, J7 25 A8 55 8048 K FH Tamhane’ s
T2 K E AT LS, P <0.05 M ESA G FE X,

2 # R

2.1 #4HEF BM-MSCs + GDF15 %% LA

AT I BM-MSCs H GDF15 (26516 0,
43 538 15 RT-qPCR . Western blot F1 905 9 YEAG I 41
JH 28 TR Sp A0 3 5 AN TR Bt ] A5 GDF15 i mRNA Fl 2
H2AKFE, 4558 5K, GDF15 A mRNA Fl4E 7K
SEAERC S BB T (B 1A B) o [FI, S
25 AR IE S, U AT 5 5 GDF1S By 2 3k 34 i (&
1C) . %L, 16 BM-MSCs 4l i 2 i 5115 5 /5 GDF15
O ST 8
2.2 GDF15 F#za R ¥E

Sk BRI I 5 26 38 ) GDF15 78 BM-MSCs JiX
S VR, AR FH AR BT U siRNA Bt
T GDF15 Wik, I TaIMa 4% 4k 24 w5 , 4T
mRNARGI , Z55 ow , 5P Attt 34+
Pt A B REA 2% GDF15 ) mRNA #6357k F- (P
<0.05, B 2A) , Horb T4 7 BE 1A mRNA 10 i 250%
KB 75% ; ML YL 72 W5, 9045 2R ARSI, 45 20t
N, ST AL, 340 H BO RE A SRR
GDF15 & HFEIL(P<0.05,K3B.C) ., L4 Bk
S TR B 1R AT, IR e Btk
TGS TR
2.3 T GDFI15 ) & ik T 54K BM-MSCs 74 /& 20
e 4

9 B GDF 15 238 7K 7 X T30 i i 440 M 3
(RS, FATTARS I T 24 ] 300 R 4 R A0 0 o i
TS0 T 56 A0 B S5 24 h i BM-MSCs 4118 , 18 1 PI
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Figure 1 The expression of GDF15 in BM-MSCs after irradiation
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Figure 2 The interference effect of GDF15 in BM-MSCs were detected by RT-qPCR and Western blot
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3A.B) o WHU S 3 d 5 A, CCK-8 1A il 4 it
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Figure 3 GDF15 interference inhibited the cell cycle and proliferation of BM-MSCs after irradiation

2.4 FH GDF15 & ik T34 he BM-MSCs 7% 4 /5 48 e,
A=

Ry itk — 2 B GDF15 2235 %F BM-MSCs Bt
PRS2, Fo A 138 3k Annexin V-PE/7AAD Y4, J2 46
M Cleaved caspase3 1 JC-1 78 4k /K, B #f T
GDF15 3235 X BM-MSCs Jilt 54 & 41 i 08 1~ 1 52
00 25 SR 4A B BT R, RO AT, TR
GDF15 2 35X 41 A (9 8 17~ T8 5. & ks il o T 0o
J& , T4 GDF15 Al S B A T3 25 1 (P <
0.05), 5 ZHINi, Cleaved caspase3 F Western blot
SEUIESE, TP GDF 15 ATt J5 Caspase3 55 1)
AN (E4C) o RIS, A JC- 1 4 M S AR R e
B YA ARAE O B, TEAR TR S50 6 B2 5 1
P GDF15 21/4%% 5 o B2 LWL H o 48 it 22 = (P >
0.05). MR, T3 GDF15 405 HAHe vt 4141
Fb , 21728756 i B AR 3 PR AR, 4R /R 2ok (AR S el
i FRE(P <0001, 5. BRZERFR, T
GDF15 &3k A g & 14 i BM-MSCs 40 5 T,
2.5 T GDF15 4 i& 7T #74] BM-MSCs # ERK/Bcl-
2455 BHIEAL

i — G T4 GDF15 22 1534 /il BM-MSCs
TR U 23 ALEL FRATTRE I T GDFLS TR
L ] 4% DIAF DG 1) G B % ERK/Bel-2 TS AL 1R
B, Western blot Kl 45 5 201 « 5525 9 % BRZH A0
TFHeXF L AR L, T4 GDF15 )5 , ERK1/2 B R kK

B S A, 22 GDF15 1] L3 5 44 in ERK 1/2 1Y
BERR AL I MR RS . SXTIRAA L, T
Pt GDF15 3BT T O /¥ Bel-2 FE UK B
REAC, AL T4 F Bax & /K-8 873 (E 6) .
ZE LTk, 48 GDF 15 F3k T il i 1] ERK {5538
B&IE AL, P85 R 3% Bel-2 1 Bax 45 [ 23k, E i 84 0
BM-MSCs U R 8T

R & B

FEARS IOWFFEH - B A a0 08 5 A2 A5 s
AR R AR Z —, I 458 ARS (0 Eh
200 BRI, 6 TR I T BB R 4 1 Bl TR 2 ARS
B I3 0 K Bl A 9T 4Tk . BM-MSCs 2 —2 H
A HIREHRZ 1m0 - BRI T 40, 7T LSl
ALHG R AN HE B T AR AR A0 B L N B A B AT A
2T 2 20 B AE DY ) R S S AN, LATE B HSCs B 48
P REFE A, AT 43 2k i PR 7 AR R 7
AL IR ST A R T 28, T TE 3 3 i Sh R A 24
AL e i i AR G, R SE BM-
MSCs PR XT3 i FE B F R X

PR CA S A AE T Y 3 B R 22— i
BM-MSCs XJ 8 T~ A 40P 9k A A 2 Tl 5 i 32 1) S gk
Pl CAWFFERM, S BM-MSCs (8T T-1F
FHS5 5550 11 DNA 45345316 52 66 7 R e B i) 1k 1 400
Brg o™, FRATATIHIISE & B, GDF15 T i /= 1)
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Figure 4 The effects of GDF15 interference on the apoptosis of BM-MSCs before and after irradiation
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GDF15 X 1FE # BM-MSCs ZRL{A 5 L 57 TG dnb 25,
(ENERYSRARYETE 312 vA Y NI IR AN v N
1L GDF15 ) BM-MSCs it 1 J5 Cleaved caspase3 7K
. 45 PR, T4 GDF15 % 5 BM-MSCs Ui
SRR T] RS LR AR PR T IR AR A K

ERK {551 %175 BM-MSCs [ 58 Ak FE T
A EAE R . I ERK1/2 5 iR £k ] 1 i
% Bax I Bel-2 Rk KT, % Caspase3 , 5 B4 g
TP FEZ AR AR, CA SR IESE GDFLS
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Figure 5 The effect of GDF15 interference on mitochondrial membrane potential of BM-MSCs before and after irradiation
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Figure 6 The effect of GDF15 interference on ERK and its downstream proteins of BM-MSCs after irradiation
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